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It has been suggested that the locality of information transfer in quantum entanglement indicates
that reality is subjective, meaning that there is an innate inseparability between the physical system
and the conscious mind of the observer. This paper attempts to outline the relation between
macroscopic and microscopic worlds in the measurement process in regards to whether observation
creates reality. Indeed, the Maxwell’s demon thought experiment suggests a correlation between a
microscopic (quantum) system and a macroscopic (classical) apparatus, which leads to an energy
transfer from the quantum vacuum to the physical world, similar to particle creation from a vacuum.
This explanation shows that observation in quantum theory conserves, rather than creates, energy.
I. INTRODUCTION
Ever since quantum theory was first introduced about
a century ago, its exact nature has generated much dis-
cussion. The Copenhagen interpretation, which is a stan-
dard way of understanding the theory, separates the ob-
ject and the subject, thereby shifting previous scientific
practices. The idea of finding the idealistic objective re-
ality gave way to the pragmatic approach of an interplay
between the observer and the object. According to gen-
eral understanding, there are two main aspects in quan-
tum theory (Figure 1), namely,
1. deterministic
2. probabilistic
The first aspect is in line with traditional scientific stud-
ies in that it is objective, i.e., it does not involve the
necessity of the observing party. However, the second
aspect has led to disagreement and confusion. Unlike
the first, it inherently involves the need of the observ-
ing party and, therefore, contains a certain element of
subjectivity. As subjectivity has not often been a part of
standard scientific practices, researchers often attempt to
minimize or undermine the probabilistic and concentrate
on the deterministic.
Einstein, noting that quantum theory suggests that
observation may influence the reality of a physical object,
famously asked if the moon exists only when someone is
looking at it [17, 19]. This can be reframed as a greater
question as to whether observation is not only an integral
part of theory, but in fact creates reality. Although this
appears at first glance to be more of a science fiction,
if reality could change depending on observation, could
it not then be created from nothing? Pascual Jordan, a
physicist who also contributed significantly to quantum
theory, mentioned a similar idea [12]:
Observations not only disturb what has to be measured,
they produce it.
In this paper, the relationship between reality and ob-
servation is examined. In particular, it will be argued
that the observation as noted in the Copenhagen inter-
pretation does not create reality but instead transfers en-
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FIG. 1: Quantum theory, particularly the Copenhagen inter-
pretation, contains not only deterministic and unitary aspects
that pertain to microscopic behavior, but also probabilistic
aspects that connect microscopic and macroscopic worlds.
ergy from the quantum vacuum filled with negative sea
to the macroscopic physical world.
In section 2, the subjective nature of physical reality
that is implied in entanglement is reviewed. The nega-
tive entropy shown in Maxwell’s demon is examined in
the context of quantum measurement where there exists a
transfer of energy between microscopic and macroscopic
systems. The relation of Maxwells demon to the dis-
cussion of gravity is provided in section 4. The paper
concludes with some remarks on its implications.
II. PHYSICAL REALITY
In 1935, unsatisfied with the subjective description of
quantum theory, namely, the involvement of observation
and probabilistic nature, Einstein, Podolsky, and Rosen
(EPR) introduced a protocol which may indicate the in-
sufficiency of quantum mechanics [8]. Subsequent innova-
tive Bell-type inequalities [2, 6] and delicate experiments
[1] have strongly suggested non-local property to be an
integral part of quantum theory.
Conversely, there have also been aspects of locality ob-
served in quantum entanglement, specifically that there
is no superluminal transfer of information using an entan-
gled system [10]. This is rather odd considering that par-
ticles are able to communicate at faster-than-light speeds,
while observers, who are thought to be made of particles,
are not able to do the same. To explain this predicament,
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FIG. 2: In cyclical time, physical matter is moving forward
in time while the mind (quantum reference frame) is moving
backwards.
it was suggested that reality should be subjective, mean-
ing that existence corresponds to meaningful data [21].
The idea of meaningful versus meaningless data can
be explained with an example of an entangled state as
follows: 1√
2
(|00〉+ |11〉)
AB
. If Alice measures her qubit
A, this then prepares the qubit at Bob’s end. The tra-
ditional understanding in objective reality would be that
the prepared state (or reality) is a pure state, but, to
Bob, the reality is hidden. That is, the physical reality
of the qubit B is prepared right after Alice measures her
qubit A, but this (objective) reality is not revealed to
Bob; therefore, there exists nonlocality but there is no
instantaneous information transfer.
However, in terms of subjective reality, nothing has ac-
tually traveled faster than light since reality corresponds
to not only data but data with meaning, namely informa-
tion. To Bob, the physical reality would correspond to
the pure state, with proper information obtained about
both Alice’s choice of measurement and the outcome. In
fact, in [8], EPR outlined the physical reality, i.e., some-
thing that can be seen, touched, etc., as follows:
If, without in any way disturbing a system, we can
predict with certainty (i.e., with probability equal to
unity) the value of a physical quantity, then there exists
an element of reality corresponding to that quantity
Therefore, EPR’s criteria of reality and conditions of lo-
cality remain constant at the expense of changing reality
from objective to subjective.
In [21], in order to specify the subjective reality, cycli-
cal time was adopted such that time moving forward cor-
responds to the macroscopic, classical, or physical world,
while time going backwards corresponds to the micro-
scopic quantum world. In this way, the data or physical
Quantum Classical
mind
system
microscopic
continuous
physical
apparatus
macroscopic
discrete
FIG. 3: Quantum aspects as they are defined in complex vec-
tor space are associated with the observer’s continuous con-
scious mind and microscopic behavior while classical corre-
sponds to the macroscopic world that is discrete and appara-
tus in the case of measurement.
part is attached with its conscious meaning of negative
sea (Figure 2).
When discussing the subjective reality model, it is of-
ten assumed that the classical system is discrete while
the quantum part is continuous. That is, as discussed by
Plato and Aristotle, the mind can imagine idealistic ob-
jects such as a perfect circle or continuity, while physical
world is thought to be comprised of discreteness. For ex-
ample, no matter how accurately a measurement in the
physical world is taken, it will never be completely free
of an error.
III. MICROSCOPIC AND MACROSCOPIC
The relationship between observation and reality can
be considered through the lens of the following three
steps:
• Step 1: Separate quantum and classical systems.
• Step 2: Observation involves correlation between
quantum and classical worlds.
• Step 3: As seen through Maxwell’s demon, there
is energy transfer from quantum to classical realms.
The first step attempts to clearly distinguish between
the classical and quantum systems. That is, both macro-
scopic and microscopic worlds are fundamental and exist
with equal importance, rather than one being an approx-
imation of the other. Unlike the classical space, quantum
states are defined in a complex vector space, to which an
observer does not have a direct access (Figure 3). Fol-
lowing this line of thought, in [20], the observables were
identified via the observer’s mental reference frame. In
terms of a subjective reality model, this step implies a
clear distinction between the mind (i.e., quantum sys-
tems) and physical or classical systems.
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FIG. 4: Observation of the idea of Maxwell’s demon shows the
work extraction from the system. This may also be considered
in the process of measuring entanglement between quantum
and classical realms.
The next step follows common practice in quantum
measurement, namely the semiclassical treatment. While
the system being measured is quantum mechanical,
the apparatus is considered a classical system and the
measurement assumes entanglement between these two
realms. Although the name semiclassical implies that
something is incomplete or insufficient, as discussed in
the first step, we consider this interaction between the
classical and quantum as fundamental and full.
If we use the previously discussed terms specifically
in regards subjective reality (Figure 2), the semiclassical
treatment of the measurement process involves entangle-
ment between invisible mind and tangible matter. Niels
Bohr, one of the central proponents of the Copenhagen
interpretation, also commented on the possible tie be-
tween the observer and the object as follows [4, 26]:
... an independent reality in the ordinary physical sense
can neither be ascribed to the phenomena nor to the
agencies of observation.
In 1867, Maxwell ruminated [16] on a demonic being
that could potentially violate the second law of thermo-
dynamics by extracting work or energy cyclically. Szi-
lard then imagined [22] a simplified version of Maxwell’s
demon with a single molecule gas. Later, it was demon-
strated that this work or energy extraction does not vi-
olate the second law of thermodynamics because there
must be a compensating energy dissipation in erasing the
memory of the demon [3, 14]. The quantum version of
Maxwell’s demon has also been discussed and analyzed
by a number of authors [7, 13, 15, 23].
As shown in Figure 4, one may consider the work ex-
traction in the Maxwell’s demon discussion as the energy
extraction from the (quantum) system to the classical
(apparatus) realm (also see [9]). That is, the decrease
of energy in a microscopic system is compensated by the
increase of energy in the physical world (i.e., work ex-
traction) (Figure 5) which may be summarized in terms
of subjective reality as follows:
Proposition: There is an energy transfer from the
negative sea (mind) to the physical world in quantum
measurement.
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FIG. 5: In a subjective reality model, the Maxwell’s demon
discussion implies that there is an energy transfer from invis-
ible mind to the physical world.
In [5], the negativity of conditional entropy was ob-
served in quantum entanglement and the authors dis-
cussed the correlation between qubit and anti-qubit, i.e.,
a qubit moving backwards in time. We may consider the
entangled quantum and classical realms in similarly, such
that the quantum part is interpreted as moving back-
wards in time. Interestingly, there are similar themes
seen cases of subjective reality where the continuous uni-
tary evolution of the quantum reference frame of the ob-
serving party evolving backwards in time corresponds to
the observer’s consciousness.
IV. INTERSUBJECTIVE GRAVITY
One of the biggest confusions regarding quantum the-
ory has been the sometimes dubious division between
microscopic and macroscopic worlds. This is because
the precise boundary between the two has not always
been clear, particularly with the advancement of quan-
tum technology, when the quantum states began to be
realized as physical systems that continued to increase
in size. Indeed, quantum theory does not strictly pro-
hibit a larger system to be in a quantum state, such as a
superposition of 0 and 1.
Indeed, a consistent understanding between quantum
theory and gravity has always been important in physics.
That is, while quantum theory explains the microscopic
world (things like elementary particles) very well, gravity
deals with macroscopic objects such as the moon. This
is not so satisfactory considering that macroscopic ob-
jects such as the moon are considered to be composed of
microscopic objects.
As previously discussed, quantum theory not only con-
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FIG. 6: The proposed energy transfer in quantum measure-
ment is similar to the entropic force that is generated from a
quantum thermodynamic system to the classical world.
tains the deterministic part, but the measurement aspect
as well. In fact, the measurement aspect is what connects
the microscopic and macroscopic systems. Therefore, in
order to have a consistent understanding of the relation-
ship between quantum theory and gravity, one must pay
close attention to the measurement aspect of quantum
theory since it deals with both the micro and macroscopic
worlds.
General relativity shows a relationship between space-
time and mass. Indeed, as Wheeler famously summarized
[25], Mass tells space-time how to curve, and space-time
tells mass how to move, it is often thought that mass
curves space-time such that it generates gravitational
force. However, the relationship between mass/energy
and space-time as specified in relativity may be viewed a
bit differently. That is, rather than mass or energy curv-
ing space-time, it is the curved space-time that generates
or creates mass.
The relationship between thermodynamics and gravity
has been discussed by a number of people [11, 18]. In
particular, in [24], it has been suggested that gravity is
an emergent phenomenon, or an entropic force, which is
in line with what is stated above. That is, the process of
observation is understood as a thermodynamic system,
a quantum part, providing a gravitational force onto a
physical world as seen in Figure 5.
In fact, the subjective nature of reality begs the ques-
tion: if the reality of universe is indeed subjective, why
do we perceive so many of the same things? For in-
stance, why does gravity appear to apply to many in-
dividual persons? Or why is it that interest in mathe-
matics, which seems to be independent of individual ex-
perience, is shared by many people? In fact, gravity may
be the rule that arises out of a shared consciousness of
individual persons.
V. REMARKS
Ever since the ancient Greeks, such as Plato and Aris-
totle, discussed the issue of idealism versus pragmatism,
science has struggled with its approach to describing
tangible physical nature, particularly with the birth of
quantum theory. The confusion is certainly understand-
able since science has mostly attempted to provide an
objective description of physical reality, i.e., indepen-
dent of who is observing the physical system, if there
is even an observer. However, the Copenhagen interpre-
tation, which provided arguably the most economical and
simplest description of reality, suggests that reality may
change depending on individual observations.
In this paper, we have argued that observation in quan-
tum theory transfers energy (or mass) from the vacuum of
negative sea, which represents the mind of the observer,
to the observed physical world. This is interesting in a
sense that what is seen results from what is unseen. It
may also be said that what is observed physically was
already determined in a sense that in the negative sea
the time is assumed to move backwards.
[1] Aspect A, Dalibard J, Roger G. Experimental test of
Bell’s inequalities using time-varying analyzers. Phys Rev
Lett 1982; 49, 1804-1807.
[2] Bell JS. On the Einstein Podolsky Rosen paradox. Phys
1964; 1: 195-200.
[3] Bennett CH. The thermodynamics of computationa re-
view. Int J Theor Phys 1982; 21: 905-940.
[4] Bohr N. The quantum postulate and the recent develop-
ment of atomic theory, 1928. Reprinted in The Philosoph-
ical Writings of Niels Bohr Vol.I, Atomic Theory and The
Description of Nature. Woodbridge: Ox Bow Press, 1987
(originally, Cambridge University Press 1934), 147-158.
[5] Cerf NJ and Adami C. Negative entropy and information
in quantum mechanics, Phys Rev Lett 1996; 79: 5194-
5197.
[6] Clauser JF et al. Proposed experiment to test local
hidden-variable theories. Phys Rev Lett 1969; 23: 880-
884.
[7] Cottet N et al. Observing a quantum Maxwell demon at
work. PNAS 2017; 114: 7561-7564.
[8] Einstein A, Podolsky B, Rosen N. Can quantum-
mechanical description of physical reality be considered
complete? Phys Rev 1935; 47: 777-780.
[9] Elouard C et al. Extracting work from quantum measure-
ment in Maxwell’s demon engines. Phy Rev Lett 2017;
118: 260603-1 6.
[10] Ghirardi G, Rimini A, Weber T. A general argument
against superluminal transmission through the quantum
mechanical measurement process. Lettere al Nuovo Ci-
mento 1980; 27: 293-298.
[11] Jacobson T. Thermodynamics of spacetime: the Einstein
equation of state. Phys Rev Lett 1995; 75: 12601263.
[12] Jordan P. Quoted by M. Jammer, The Philosophy of
Quantum Mechanics, Wiley, New York (1974) p.151.
5
[13] Kim et al., Quantum Szilard Engine. Phys Rev Lett 2011;
106: 070401.
[14] Landauer R. Irreversibility and heat generation in the
computing process. IBM J Res Dev 1961; 5: 183-191.
[15] Lloyd S. Quantum-mechanical Maxwell’s demon. Phys
Rev A 1997; 56: 3374-3381.
[16] Maxwell JC. Theory of heat, Appleton, London, 1871.
[17] Mermin ND. Is the moon there when nobody looks? Re-
ality and the quantum theory. Phys Tod April 1985 p38-
47.
[18] Padmanabhan T. Thermodynamical aspects of gravity:
new insights. Rep Prog Phys 2010; 73(4):046901.
[19] Pais A. Einstein and the quantum theory. Rev Mod Phys
1979; 51: 863-914.
[20] Song D. Non-computability of consciousness. Neuro-
Quantology 2007; 5: 382-391.
[21] Song D. Subjective universe: interweaving matter and
mind through cyclical time, 2020.
[22] Szilard L. On the decrease of entropy in a thermody-
namic system by the intervention of intelligent beings. Z
F Physik 1929; 53: 840-859.
[23] Vedral V. Landauer’s erasure, error correction and en-
tanglement. Proc R Soc Lond A 2000; 456: 969-984.
[24] Verlinde E. On the origin of gravity and the laws of new-
ton. Journal of High Energy Physics 2011;2011(4):29.
[25] Wheeler JA. Geons, black holes, and quantum foam
(2000), p. 235.
[26] Zinkernagel H. Niels Bohr on the wave function and the
classical/quantum divide. Stud Hist Phil Mod Phys 2016;
53, 9-19.
